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(57) ABSTRACT 

The present invention provides a switched impedance 
matching network which may be implemented in a hybrid 
circuit of a digital subscriber line (DSL) system, or in any 
other wire-bound communications system for which two- 
wire-to-four- wire conversion, and vice versa, must be 
accomplished. In accordance with the preferred embodiment 
of the present invention, the matching network comprises 
switchable circuit modules of discrete -valued resistor and 
capacitor components. Preferably, the circuit modules are 
assembled into an array of buffered first-order RC circuits. 
The buffers comprise amplifiers that are switched on or off 
to control the switching of the circuit modules. The buffer 
amplifiers also isolate the individual circuit modules from 
each other and eliminate the need to implement transmission 
switches between the modules. The switching of the buffer 
amplifiers clears or blocks the transmission paths between 
the individual modules, thereby providing the optimum path 
through the module array. By controlling the transmission 
paths through the circuit module array, the balancing imped- 
ance of the matching network is optimized to match the 
impedance of the subscriber line in use, thus maximizing 
transhybrid loss and minimizing near-end echo. 

24 Claims, 5 Drawing Sheets 
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FIG. 1 

(Prior Art) 




FIG. 2 

(Prior Art) 
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SWITCHED HYBRID CIRCUIT FOR USE 
WITH DIGITAL SUBSCRIBER LINES 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates to a hybrid circuit for 
performing two-wire-to-four-wire conversion, and vice 
versa. More particularly, the present invention relates to a 
hybrid circuit that employs an impedance matching network 
comprising circuit modules that can be switched on or off to 
produce a balancing impedance that matches the impedance 
of the subscriber loop. The hybrid circuit of the present 
invention can be used for all wire-bound communications 
systems for which a two-wire-to-four-wire conversion, or 
vice versa, must be carried out. 

BACKGROUND OF THE INVENTION 

Normally, hybrid circuits are comprised within data com- 
munications equipment (DCE) located at a central office. A 
four-wire circuit contained in the DCE connects the hybrid 
circuit to the receiver and transmitter of the DCE, A two- 
wire circuit, which corresponds to the subscriber loop, 
couples customer premises to the hybrid circuit at the central 
office. The hybrid circuit performs a conversion from the 
two-wire circuit to the four-wire circuit, and vice versa. The 
hybrid circuit provides the capability of full-duplex com- 
munication between the central office and the customer 
premises. 

A typical hybrid circuit comprises a bridge circuit that is 
coupled to the two- wire cir^ir^iaTtfansformer. Trie bridge 
circuit comprises an impedance matching network for 
matching the impedance of the hybrid circuit with the 
impedance of the subscriber loop. Transhybrid loss, which 
corresponds to the portion of the signal transmitted by the 
transmitter of the DCE that is sent over the subscriber loop 
without being received by the receiver of the DCE, is 
controlled by matching the impedance of the impedance 
matching network of the bridge circuit with the impedance 
of the subscriber loop. Therefore, it is desirable to maximize 
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preferred embodiment of the present invention, the matching 
network comprises.switchable-circuit-modules of discrete- 
valued resistor and/or capacitor components. Preferably, the 
circuit ; modules are assembled into arWrray of buffer- 
isolated first-order RC circuits, although higher-order circuit 
modules may also be used. The buffers comprise. amplifiers,, 
which serve two purposes. A f first purpose is to_jsoJjate the^ 
,individuaTcircuit^rxruJes^ they are 

"coDnectedin a cascade, ofcircuit modules. A second purpose 
ts to avoid having to implement actual transmission switches 
between the circuit modules. 

The switching of the buffer amplifiers clears or blocks the 
transmission paths between the individual circuit modules, 
thereby providing the optimum path through the module 
array. By controlling the transmission paths through the 
module array, the balancing impedance of the matching 
network is optimized, thus maximizing transbybrid loss and 
minimizing near-end echo. 

At least one circuit module of the array is switched on at 
any given time. Preferably, two or three of the circuit 
modules of the array are switched on at any given time to 
form a cascade of modules. The number of modules 
switched on at any given time in the array will depend on 
many factors, such as the impedance of the subscriber loop, 
as will be understood by those skilled in the art. Also, it is 
possible to obtain the desired balanciog impedance by 
merely varying the gain of the switched-on circuit 
modulc(s). This feature of the present invention allows the 
power requirements of the array, and consequently, the 
power requirements of the overall hybrid circuit, to be 
minimized. 

The optimum component settings for the circuit modules 
are determined through testing and will depend on the 
impedances of the subscriber loops with which the hybrid 
circuit is implemented. Once the component values for the 
circuit modules of the matching network have been selected, 
a learning phase begins during which different combinations 
of the circuit modules are connected for the different sub- 
scriber loops. During the learning phase, different combi- 



the transhybrid loss, thus minimizing the amount of the 40 nations of circuit modules are switched on for each sub- 



transmitted signal which is reflected at the interface of the 
bridge circuit and the subscriber loop and received by the 
receiver of the DCE, which is commonly referred to as 
near-end echo. 

In the past, attempts have been made to maximize the 
transhybrid loss by designing the impedance of the imped- 
ance matching network of the hybrid circuit so that it 
matches, as closely as possible, the impedance of the sub- 
scriber loop. However, once the impedance matching net- 
work was designed and implemented in the hybrid circuit, 
the impedance of the impedance matching network was 
fixed and could not be altered. 

Accordingly, a need exists for a hybrid circuit having a 
variable impedance matching network that can be imple- 
mented in a practical manner and that is cost-effective. 

SUMMARY OF THE INVENTION 

The present invention provides a hybrid circuit having a 
switched impedance matching network. The hybrid circuit 
of the present invention performs two-wire-to-four-wire 
conversion, and vice versa, and can be used in any wire- 
bound communications system for which two-wire-lo-four- 
wire conversion, and vice versa, must be performed. The 
hybrid circuit of the present invention can be implemented 
in a digital subscriber line (DSL) system and can be used 
with high-speed XDSL systems. In accordance with the 



scribcr loop and the transhybrid power loss for each 
combination is measured. The combination of circuit mod- 
ules resulting in the greatest maximization of transhybrid 
power loss is selected as the best combination for the 
45 particular subscriber loop. During operation, the appropriate 
combination of circuit modules for a particular subscriber 
loop are switched on to provide the hybrid circuit with a 
balancing impedance that substantially matches the imped- 
ance of the subscriber loop. Once a combination of circuit 
50 modules has been selected, the proper balancing impedance 
may be obtained by merely varying the gain of the array of 
circuit modules. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 FIG. 1 is a block diagram of an active hybrid circuit 1 
commonly employed at the central office for use in high- 
speed digital data communications, such as in various high- 
speed xDSL systems. 

FIG. 2 is a schematic block diagram of the hybrid circuit 

60 show in FIG. 1 wherein the DAC and the ADC shown in 
FIG. 1 have been omitted for purposes of illustration. 

FIG. 3 is a schematic block diagram of a hybrid circuit in 
accordance with the concepts of the present' invention, 
wherein the impedances Z r and Z M shown in FIGS. 1 and 2 

65 have been combined into a third-order RC network having 
a voltage transfer function H(s), and the impedances Z f of 
the bridge circuit and the input line impedance Z L have been 
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combined into a frequency-dependent voltage divider hav- 
ing a voltage transfer function T(s). 

FIG. 4 is a block diagram of the hybrid circuit shown in 
FIG. 3 t wherein the impedances Z r and Z M shown in FIG. 3 
are illustrated in the form of a third-order transfer function 5 
H(s) which, in accordance with the present invention, is to 
be matched with the transfer function formed by the imped- 
ances Z, of the bridge circuit and the input line impedance 

Zt- 

FIG. 5A illustrates a schematic block diagram of a first- 10 
order lowpass circuit that may be implemented as one or 
more of the cascaded circuit modules of the present inven- 
tion. 

FIG. 5B illustrates a schematic block diagram of a first- JS 
order highpass circuit that may be implemented as one or 
more of the cascaded circuit modules of the present inven- 
tion. 

FIG. 6 is a block diagram of the hybrid circuit of the 
present invention comprising the switched impedance 2 rj 
matching network of the present invention, which comprises 
an array of switchable circuit modules. 

FIG. 7 is a schematic block diagram of the hybrid circuit 
of the present invention demonstrating three of the circuit 
modules of the hybrid circuit which are conductively 25 
coupled into a cascade by switching on their respective 
buffer amplifiers. 



dependent voltage dividers having transfer functions that are 
to be matched, the hybrid configuration shown in FIG. 3 is 
obtained. In FIG. 3, Z r 17 and Z M 19 have been combined 
into a third-order RC network, denoted by the dashed box 
labeled 27, having a voltage transfer function H(s). 
Likewise, Z, 18 and the input line impedance Z L 20 have 
been combined into a frequency -dependent voltage divider, 
denoted by the dashed box labeled 28, having a voltage 
transfer function T(s). The individual RC components com- 
prising impedances 7^. and Z M are shown in FIG. 3 for the 
purpose of illustrating the nature of the third-order RC 
network 27. 

It should be noted that Z, 18 is resistive and, therefore, is 
schematically illustrated as a resistor. In accordance with the 
present invention, it has been determined that the resistors 
and capacitors of RC network 27, denoted as It,, C,, R lf C,, 
R 2 and C,, should be continuously adjusted to match the 
impedance of the particular subscriber loop in use. 
Therefore, the RC components of network 27 are illustrated 
in FIG. 3 as being variable. 

In accordance with the present invention, it has been 
determined that a balancing impedance for the network 27 
can be obtained by matching the coefficients of the third- 
order transfer function H(s), in terms of amplitude and 
phase, i.e., |H(j(i))|e # * H(to) J with the function T(s), i.e. |T(jto) 
|e'* l( * o) , where H(s) is given as: 
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FIG. 1 is a block diagram of an active hybrid circuit 1 
commonly used in high-speed digital data communications, 
such as in various high-speed xDSL systems. The hybrid 
circuit I comprises a transmit line 3 that is coupled to a 
digital-to-analog converter (DAC) 4. The DAC 4 is coupled 
to the input of a line driver amplifier 5 that amplifies the 
signal to be transmitted over the subscriber loop 7. The 
output of the line driver amplifier 5 is coupled to the bridge 
circuit 8. The receive line 9 of the hybrid circuit 1 is coupled 
to an analog-to-digital conveter (ADC) 11, which converts 
the incoming analog signal into a digital signal. The ADC 11 
is coupled to the output of the receive amplifier 13, which 
amplifies the incoming signal to a suitable level for the 
receiver (not shown). The input of the receive amplifier 13 
is coupled to the bridge circuit 8. 

The bridge circuit 8 comprises a plurality of impedance 
components 17, 18, 19 and 20 that are arranged to form a 
bridge circuit across the terminals of amplifiers 5 and 13, as 
will be understood by those skilled in the art. Impedance 
component 20 is the impedance of the secondary side of 5Q 
transformer 21, which couples the subscriber loop 7 to the 
hybrid circuit 1. 

Typically, the impedance 17, Z^ and the impedance 18, 
Z„ of the bridge circuit 8 are resisitive, but may have 
different resistive values R r and R^ respectively. This is 55 
illustrated in a simplified schematic diagram of the hybrid 
circuit 1 shown in FIG. 2. For ease of illustration, DAC 4 
and ADC 11 have been omitted from FIG. 2. Impedance 19, 
Z M , should be matched to the input line impedance 20, Z L , 
so that the transhybrid loss over a specified frequency range go 
is maximized. Therefore, Z M must provide an appropriate 
impedance function to match the input line impedance Z L . 
This impedance maichings function will depend on the 
subscriber loop 7 in use. 

Referring again to FIG. 1, in accordance with the present 65 
invention it has been determined that if the two branches 24 
and 25 of the bridge circuit 8 are treated as frequency- 



(1) 



(2) 



where Z L (s) is the input impedance of a given subscriber line 
and K is a constant. This is shown in the schematic block 
diagram of FIG. 4. FIG. 4 illustrates the transfer function 
H(s) 27, which is a third-order function, as indicated by the 
powers of the polynomials in the numerator and denomina- 
tor of I I(s). Since the function T(s), which represents the 
impedance characterisitics of the subscriber loop 7, is 
known, the function H(s) that matches the function T(s) can 
be obtained for any subscriber loop, as will be understood by 
those skilled in the art. Since the transfer function H(s) is a 
third-order function, H(s) can be expressed as the product of 
a plurality of lower-order functions. For example, H(s) can 
be expressed as the product of three first-order functions as 
follows: 



(3) 



These first-order functions can be implemented as first- 
order RC circuit modules and the first-order RC circuits can 
be cascaded to obtain H(s). FIG. 5A illustrates a schematic 
block diagram of a first-order lowpass circuit 31 that may be 
implemented as one or more of the cascaded circuit modules 
of the present invention. FIG. 5B illustrates a schematic 
block diagram of a first-order highpass circuit that may be 
implemented as one or more of the cascaded circuit modules 
of the present invention. Each of the circuit modules of the 
present invention preferably comprises either a first-order or 
a second-order RC circuit. However, it should be noted that 
the present invention is not limited with respect to the type 
of circuit comprised in each module or with respect to the 
dimensions of each module. Each of the circuits 31 and 32 
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also includes a buffer amplifier 33 and 34, respectively, 
which are discussed in more detail below. 

FIG. 6 is a block diagram of the hybrid circuit 40 of the 
present invention, which comprises the switched impedance 
matching network 42 of the present invention. The imped- 
ance matching network 42 comprises an array of switchable 
circuit modules H^-H^, which arc designated by numerals 
50-58. As stated above, each of the circuit modules 50-58 
preferably comprises a passive RC circuit, such as that 
shown in FIGS. 5A and 5B. However, the circuit modules 
50-58 may alternatively be comprised of active RC circuits, 
as will be understood by those skilled in the art. The circuit 
modules 50-58 contain amplifiers, which are utilized for the 
purposes of isolating the modules from one another, for 
providing gain for the signals, and for switching the modules 
on and off. Although the circuit modules preferably are 
comprised of first-order RC circuits, it should be noted that 
higher-order circuits may also be used for this purpose. 

During a learning phase, switch 61 is in the position 
shown in FIG. 6 such that the ouput signal of the impedance 
matching network 42 is being fed back into a controller 63. 
The controller 63 determines the transhybrid power loss of 
the hybrid circuit 40 for various combinations of the circuit 
modules 50-58 by utilizing this feedback signal. Since the 
signal being fed back into the controller 63 is an analog 
signal, the controller 63 preferably comprises an analog-lo- 
digital converter, which converts the analog signal into a 
digital signal, and a microprocessor, which calculates the 
transhybrid loss based on the feedback signal and switches 
the circuit modules 50-58 accordingly. However, it will be 
apparent to those skilled in the art that logic devices other 
than a microprocessor can be used for this purpose, such as, 
for example, a programmable logic array (PLA), a program- 
mable logic controller (PLC), generic array logic (GAL), a 
microcontroller, etc. The manner in which the controller 63 
can be programmed to accomplish the tasks of calculating 
the transhybrid loss and of switching the circuit modules 
50-58 on and off will be understood by those skilled in the 
art. 

Information relating to the best combination of circuit 
modules 50-58 for a particular subscriber loop is then stored 
in a memory element (not shown) comprised by the con- 
troller 63. This information is then utilized by the controller 
63 to select the appropriate combination of modules for each 
subscriber loop. 

The coefficients of the transfer function Il(s) are used to 
calculate the component values for the circuit modules 
50-58. The manner in which this is accomplished will be 
understood by those skilled in the art. Some experimentation 
will be required to determine the best values for the RC 
components for each of the circuit modules 50-58, which 
can be relatively easily accomplished by those skilled in the 
art. It should be noted that a multitude of different resistor 
and capacitor values can be used for each of the circuit 
modules 50-58. Therefore, in the interest of brevity, the 
many RC circuits that can be designed for this purpose will 
not be further discussed. 

FIG. 7 is a schematic block diagram of the hybrid circuit 
40 of the present invention that demonstrates three of the 
circuit modules 50, 54 and 56 shown in FIG. 6 that have 
been conductively coupled into a cascade by switching on 
their respective buffer amplifiers, 71, 72 and 73. The ampli- 
fiers 71, 72 and 73 are switched on by controller 63. For ease 
of illustration, the controller 63 has been omitted from FIG. 
7. FIG. 7 illustrates a lowpass module 50, which is con- 
nected to another lowpass module 54, which is connected to 
a highpass module 56. Through experimentation, it has been 
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determined that this type of lowpass/lowpass/highpass 
arrangement provides the optimum module combination 
under most circumstances, i.e., for most subscriber loops. 
However, it should be noted that the present invention is not 
limited to a lowpass/lowpass/highpass arrangement. It will 
be understood by those skilled in the art that other 
arrangements, such as, for example, a lowpass/highpass/ 
lowpass arrangement or any other arrangement can be used 
as well. The lowpass/lowpass/highpass configuration is 
merely the preferred embodiment for the module combina- 
tion. 

The conductive coupling of the circuit modules shown in 
FIG. 7 may occur either during the learning phase while the 
controller 63 is determining the best combination of circuit 
modules 50-58, or after the learning phase once the con- 
troller has determined the best combination of circuit mod- 
ules 50-58. In the latter case, circuit modules 50, 54 and 56 
have already been determined by the controller 63 to form 
the best combination of circuit modules for the subscriber 
loop in use. 

It should be noted that the present invention is not limited 
to the embodiments discussed above. These embodiments 
are merely the preferred embodiments of the present inven- 
tion. The discussion of these embodiments is merely 
intended to demonstrate the concepts of the present inven- 
tion and to enable persons skilled in the art to practice the 
present invention. It will be understood by those skilled in 
the art that modifications may be made to the embodiments 
discussed above without departing from the spirit and scope 
of the present invention. 

What is claimed is: 

1. A hybrid circuit for performing two-wirc-to-four-wire 
conversion, and vice versa, the hybrid circuit comprising: 

a first interface for coupling a transmitter and a receiver 
to a bridge circuit comprised in the hybrid circuit, the 
bridge circuit comprising a bridge resistance 

a second interface for coupling the bridge circuit of the 
hybrid circuit to the subscriber loop, the subscriber 
loop having an input impedance Z, ; 

an impedance matching network comprised in the bridge 
circuit, the impedance matching network having a 
balancing impedance, the impedance matching net- 
work comprising a plurality of circuit modules; 

a controller comprising logic for switching the circuit 
modules on and off, wherein the controller switches at 
least one of the circuit modules on during a period of 
time, the circuit module switched on during the period 
of time having a transfer function H(s) that substan- 
tially matches a transfer function T(s) of the bridge 
resistance R f and of the input impedance of the sub- 
scriber loop Z L , whereby the balancing impedance of 
the matching network substantially matches the imped- 
ance of the subscriber loop. 

2. The hybrid circuit of claim 1, wherein the controller 
switches at least two of the circuit modules on during the 
period of time to form a cascade circuit, the cascade circuit 
having a a transfer function H(s) that substantially matches 
the transfer function T(s), whereby the balancing impedance 
of the matching network substantially matching the imped- 
ance of the subscriber loop. 

3. The hybrid circuit of claim 1, wherein the controller 
varies the gain of the circuit module that is switched on 
during the period of time to provide the circuit module with 
the balancing impedance that substantially matches the 
impedance of the subscriber loop. 

4. The hybrid circuit of claim 2, wherein the controller 
varies the gain of at least one of said at least two of the 



02/17/2004, EAST Version: 1.4.1 



US 6,208,732 Bl 



8 



circuit modules to provide the cascade circuit with a bal- 
ancing impedance that substantially matches the impedance 
of the subscriber loop. 

5. The hybrid circuit of claim 2, wherein the controller 
determines which of the circuil modules, when switched on, 
will form a cascade circuit having a balancing impedance 
that most closely matches the impedance of the subscriber 
loop, wherein the controller switches on the circuit modules 
determined to form the cascade circuit having a balancing 



live circuit module from the other circuit modules, wherein 
the means for switching the circuit modules off and on 
switches a particular module circuil on by biasing the buffer 
amplifier of the particular circuit module. 

16. The hybrid circuit of claim 15, wherein the cascade 
circuit comprises a lowpass circuit coupled to a highpass 
circuit. 

17. The hybrid circuit of claim 16, wherein the means for 
switching the module circuits off and on switches at least 



impedance that most closely matches the impedance of the 10 three of the circuil modules on during a period of lime to 



subscriber loop. 

6. The hybrid circuit of claim 5, wherein the controller 
comprises a microprocessor. 

7. The hybrid circuit of claim 5, wherein each module circuit 
comprises a buffer amplifier that isolates the respective 
module circuit from the other module circuits, wherein the 
controller switches on a particular module circuit by switch- 
ing on the buffer amplifier of the particular module circuit. 

8. The hybrid circuit of claim 7, wherein the cascade circuit 
comprises a lowpass circuit coupled to a highpass circuil. 



15 



form the cascade circuit, wherein the cascade circuit formed 
of three circuit modules comprises a first lowpass circuit 
coupled to a second lowpass circuit coupled to a highpass 
circuit. 

18. The hybrid circuit of claim 17, wherein each of the 
circuit modules comprises a first -order circuit. 

19. A method for setting a balancing impedance for a 
hybrid circuit, the hybrid circuit connecting a subscriber 
loop to a central office, the bridge circuit comprising a bridge 
resistance R, the balancing impedance substantially match- 



9. The hybrid circuit of claim 8, wherein the controller 20 ing an input impedance of the subscriber loop, the 
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switches at least three of the circuil modules on during a 
time interval to form ihe cascade circuit, wherein the cas- 
cade circuit formed of three circuit modules comprises a first 
lowpass circuit coupled to a second lowpass circuit coupled 
to a highpass circuit. 

10. The hybrid circuit of claim 9, wherein each of the circuit 
modules comprises a first -order circuil. 

11. The hybrid circuit of claim 10, wherein the hybrid circuit 
is comprised in data communicaitions equipment located at 
the central office. 

12. A hybrid circuit for performing two-wire-to-four-wire 
conversion, and vice versa, ihe hybrid circuit comprising: 

means for coupling a transmitter and a receiver to a bridge 

circuit comprised in the hybrid circuit, 
means for coupling the bridge circuit of the hybrid circuit 35 

to the subscriber loop, the subscriber loop having an 

impedance; 

an impedance matching network comprised in the bridge 
circuit, the impedance matching network comprising a 
plurality of circuit modules, each circuit module having 40 
a predetermined impedance; 

means for switching the circuit modules on and off, 
wherein said means for switching the circuit modules 
on and off switches at least two of the circuit modules 
on during a period of lime to form a cascade circuit, 45 
whereby the impedance matching network is provided 
with a balancing impedance, the balancing impedance 
substantially matching the impedance of the subscriber 
loop. 

13. The hybrid circuit of claim 12, wherein prior to 
switching on any of the circuit modules, the means for 
switching the circuit modules on and off determines which 
of ihe circuit modules, when switched on, will form a 
cascade circuit which provides the impedance matching 
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method comprising the steps of: 

switching on different combinations of circuit modules 
comprised in an impedance matching network of the 
hybrid circuit to alter the impedance of the impedance 
matching network, wherein the combination of circuit 
modules switched on at any given instant in time has a 
transfer function H(s); 
measuring a transhybrid power loss of the hybrid circuit 
for each combination of circuit modules that have been 
switched on; 

selecting the combination of circuit modules that result in 
the maximum transhybrid power loss and thus the 
minimum near-end echo; and 

switching on the selected combination of circuit modules 
to form a cascade circuit having a transfer function H(s) 
that substantially matches a transfer function T(s) 
formed by the bridge resistance R, and by the input 
impedance Z L of the subscriber loop. 

20. The method of claim 19, wherein each combination of 
circuit modules switched on at any given instant in time 
comprises at least three circuit modules, each circuit module 
comprising a buffer amplifier that isolates the circuit mod- 
ules from one another, wherein the circuit modules are 
switched on by biasing on their respective buffer amplifiers. 

21. The method of claim 20, wherein the three circuil 
modules comprising the combination of circuit modules 
correspond, respectively, to a first lowpass circuit module 
coupled to a second lowpass circuit module coupled to a 
highpass circuit module. 

22. The method of claim 21, wherein said steps of 
switching on different combinations of circuit modules, of 
measuring the transhybrid loss, and of selecting the combi- 
nation of circuit modules occur during a learning phase and 
are performed for a plurality of subscriber loops, and 



network with a balancing impedance that most closely 55 wherein the step of switching on the selected combination of 

matches the impedance of the subscriber loop, wherein once circuit modules occurs after the learning phase, 

the means for switching the circuit modules on and off has 23. The method of claim 22, wherein each circuit module 

made the determination, it switches on the circuit modules is a first -order circuit. 

determined to form the cascade circuit which provides the 24. The method of claim 23, wherein each selected 

impedance matching network with the balancing impedance 60 combination of circuit modules has an overall gain, and 



that most closely matches the impedance of the subscriber 
loop. 

14. The hybrid circuit of claim 13, wherein the means for 
switching the circuit modules off and on comprises a micro- 
processor. 

15. The hybrid circuit of claim 14, wherein each circuit 
module comprises a buffer amplifier that isolates the respec- 
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wherein any selected combination of circuit modules is 
utilized with at least two subscriber loops, wherein the 
overall gain of the selected combination is adjusted for each 
of the two subscriber loops such that the selected combina- 
tion has a different gain for each of the two subscriber loops. 
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